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Fig.2. (a) Schematic illustration of CVD reaction process_and optical images of the

as-grown MoS; films on the soda-lime glass (b) 500 um, (¢) 1 mm.
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Fig.3. “(@), (b) are the optical images of the as-grown MoS; films transfered onto the
Si/S10: substrates,(c) Single-point Raman spectrum of the as-grown MoS; films in
(b),(d) Single-point PL spectrum of the as-grown MoS; films in (b).(e) AFM image of

as-grown MoS,. (f) HRTEM of as-grown MoSo. the inset image is the SAED pattern

of as-grown MoS,.
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Fig.4. (a) The optical image of a selected MoS; films, (b) Raman intensity mapping
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intensity mapping of PL peak at 1.85 eV for the selected blue rectangle area in (a).
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sam S2 FET device_under two different drain bias voltages (1 V and 2 V).



K AFE CVD ALK MoS, HY& I REXT EL

Table 1 MoS2 FET performance of different kinds of CVD

B B RS MR
K7k — KR Vi34
°C um cm? Vgl
TRy CvD ** 1100 S B 3 1000 4.5 10°
3@ CvVDLe 800 NS B 7 50 24 108
FRYTLER CVDI26] 750 WEA 25 \ \
MOCVDI22] 320 AAnnE 120 68 >10°

AR5 Sl T R R RSO AT PRI IR VA R R A A, I 6 PR .
6 (a) NERKAETIE LK) WS-MoSe F#Ii 45 KL, A K [ i 45 AT AR B
HITE S A S TE M 23 5, T WOs SRR H FRATE A K P 5IN T &R,
HMLIR ISR AR 2 SR A . B 6 (b) R g fhi 2 R/AE, WH54h
T IE FRF AR I 7y R MoS: 15 WSao Hi D6 iR A RF AR, 1 BARS R
B BRI E SR « AT AERITE R R T B AR B
P A TG R A5 U5 PT DATBCE AR B v ol X R T, AR R 1 P <5 )
PRGN 8] EA RS MmE % &tk B 6 (o). (d) /AN F
WS: ] Elye 5 MoSa i) Aug 47 & 58 5 mapping, mapping &% 506500f HEE — B

TR X 7> 1 PIRATRE, R T 5 o A A5 1T R



—_
=3
o
=
v
d

m
[ i
<]

Intensity (a.u.)

| I T ST N ST R S ——

300 320 340 360 380 400 420 440 460
Wavenumber (cm™)

(d)

W S: E! 2g

K6 (a) JARMBIE EAKE WS2-MoSy ##Jsi4hs /(b) WSo-MoSy Al R X 35 ) it
BRAE; (o) RBEENRT 350 em WA HAE 58 E mapping; (d) AN T
403 cm! Kb H0E 55 mapping
Fig.6. (a) the optical image of the as-grown WS>-MoS: heterostructures on
soda-lime glass,(b) Single-point Raman spectra of the as-grown WS;-MoS;

heterostructures;(e) Raman intensity mapping of the heterostructure region at 350

cm’!,(c)\Ram@an intensity mapping of the heterostructure region at 403 cm'.

AR AR TR P T A W S T AR P Y e i 33l i PRI TR ) CVD
TIEIERIAERH T 2R B MoS,, 1l 5] A=k R (WOs) i —38
AR T T RALEH S R AR 17 7 5 45 (W S2-MoS2) o FRUTAR B AT LACKE )

PR ST AT AEAT R b, A AT DAy < g Wi S A 3 SO AN ST R, i A



AR TR R A R A TR ARG, DX PREAHE N i i X S A BRI THIR CVD A ml A
P> AN L A% L, AT SEBLZE K LK) MoSy #Ldh Il 4 . 2. S0
R AR M KIRT MoSy iy BAT R 12—k, o S IR WA L R 37 20
m AR ORHEATIA 10%, IEREER Y 4.53 em? Vs X PR A 5 i &= A RAE K
JTEN HER R T A (U B SR 3 T — 2 PR FR IR A

S35 3R

[1] Hynek D J, Singhanta’R M, Xu S, Davis B, Wang L, Yarali M, Pondick J V,
Woods J M, Strandwitz N'C, Cha J J 2021 ACS Nano 15 410

[2] Susarla S{ Kutana~A, Hachtel J A, Kochat V, Apte A, Vajtai R, Idrobo J C,
Yakobsen B\I, Tiwary C S, Ajayan P M 2017 Advanced Materials 29 1702457

[3] HuoN,XangY, LiJ 2017 Journal of Semiconductors 38 031002

[4] Cheng P, Tang C, Ahmed S, Qiao J, Zeng L, Tsang Y 2020 Nanotechnology 32
055201

[5] WuY, Lin Y-m, Bol A A, Jenkins K A, Xia F, Farmer D B, Zhu Y, Avouris P 2011

Nature 472 74



[6] Sarkar D, Xie X, Liu W, Cao W, Kang J, Gong Y, Kraemer S, Ajayan P M,
Banerjee K 2015 Nature 526 91

[7] Jia S, Jin Z, Zhang J, Yuan J, Chen W, Feng W, Hu P, Ajayan P M, Lou J 2020
Small 16 2002263

[8] Akinwande D, Petrone N, Hone J 2014 Nature Communications 5 5678

[9] Chang H'Y, Yang S, Lee J, Tao L, Hwang W S, Jena D, Lu N,*Akinwande D
2013 ACS Nano 7 5446

[10] Lee G H, Yu Y J, Cui X, Petrone N, Lee C H, Choi M, S, kce D Y, Lee C, Yoo W
J, Watanabe K, Taniguchi T, Nuckolls C, Kim P, Hone J'2013 ACS Nano 7 7931

[11]Das S, Gulotty R, Sumant A V, Roelofs A 2014 NanoLett 14 2861

[12] Xiao X, Chen M, Zhang J, Zhang T, Zhahg I:;"Jin Y, Wang J, Jiang K, Fan S, Li
Q 2019 ACS Applied Materials & Interfaces 11 11612

[13] Dong Y F,He D W, Wang Y S, Xv H T, Gong Z 2016 Acta Phys. Sin. 65 128101
(in Chinese) [HHi753 AR H, Tok4, ¥rilghs, LT 2016 YEFR 65
128101]

[14] Wang S, Wang W H, Lv J P, Ni Z H 2021 Acta Phys. Sin. 70 026802 (in Chinese)
[E85, - E300, R, ikt 2021 ¥)HEER 70 026802]

[15] Yang P, Zou X, Zhang Z, Hong M, Shi J, Chen S, Shu J, Zhao L, Jiang S, Zhou
X, Huan Y, Xie C, Gao P, Chen Q, Zhang Q, Liu Z, Zhang Y 2018 Nature
Communications 9 979

[16] Zhang Z, Xu X, Song J, Gao Q, Li S, Hu Q, Li X, Wu 'Y 2018 Applied Physics

Letters 113 202103



[17] Chen J, Zhao X, Tan S J R, Xu H, Wu B, Liu B, Fu D, Fu W, Geng D, Liu Y, Liu
W, Tang W, Li L, Zhou W, Sum T C, Loh K P 2017 Journal of the American
Chemical Society 139 1073

[18] Tang L, Tan J, Nong H, Liu B, Cheng H-M 2021 Accounts of Materials Research
236

[19] Wan X, Miao X, Yao J, Wang S, Shao F, Xiao S, Zhan R, Chen K,*Zeng X, Gu X,
Xu J 2021 Advanced Materials 33 2100260

[20] Zhang X, Nan H, Xiao S, Wan X, Gu X, Du A, Ni Z, Ostrikov K 2019 Nature
Communications 10 598

[21] Wang Z, Xie Y, Wang H, Wu R, Nan T, Zhan Y, Sun J, Jiang T, Zhao Y, Lei Y,
Yang M, Wang W, Zhu Q, Ma X, Hao ¥ 2017 Nanotechnology 28 325602

[22] Park J-H, Lu A-Y, Shen P-C, Shin\B'Gy'Wang H, Mao N, Xu R, Jung S J, Ham D,
Kern K, Han Y, Kong J 2021 Small Methods 5 2000720

[23] Wang L, Gao J F, Ding'E 2014 Acta Chimica Sinica 72 345(in Chinese) [ T 1%,
RV, T 20MAJUEESAR T2 345]

[24] Wang J, Cai X, Shi\R, Wu Z, Wang W, Long G, Tang Y, Cai N, Ouyang W, Geng
P, Chandrashekar B N, Amini A, Wang N, Cheng C 2018 ACS Nano 12 635

[25] Yang P, Zhang S, Pan S, Tang B, Liang Y, Zhao X, Zhang Z, Shi J, Huan Y, Shi Y,
Pennycook S J, Ren Z, Zhang G, Chen Q, Zou X, Liu Z, Zhang Y 2020 ACS
Nano 14 5036

[26] Withanage S S, Khondaker S 12019 MRS Advances 4 587



Growth of milimeter—level MoS, monolayers and
WS,—MoS, heterojunctions by pre—deposite GVD method

based on molten glass

Fei Xiang? Zhang Xiu-Mei®?  Fu Quan-Gui”  Cai Zheng-Yang?  Nan Hai-Yan"  Gu

Xiao-Feng)  Xiao Shao-Qing!)'
1) (Department of Electronic Engineering, Jiangnan University, Wuki 214122, China )
2) (Department of optoelectronic information science and enginedting, Schobl of Science , Jiangnan
University, Wuxi 214122,'China)
Abstract
Molybdenum disulfide (MoS»), <as’.a kind of 2D materials with novel
physical properties and excellent™electrical performances, has great
application potential in the field of electronic devices. Efficient and
controllable growth,oftlarge-size single crystal MoS; is a major difficulty
that must be overcome towards scalable production. Chemical vapor
deposition \(CVD) is considered as the most promising means for
industtiakpreduction of 2D materials. Herein, we report the growth of
high-quality and millimeter-level single crystal MoS; monolayer on
molten glass by pre-deposited CVD method in which MoOs3 films
deposited on the molten glass is used as Mo precursor instead of MoO3
powder. In addition, by introducing WO3 powder into such CVD system,

MoS,-WS; lateral heterojunctions can also be obtained. Raman and PL



measurements indicate that the as-grown MoS, monolayer samples
possess high quality. Back-gate FETs were fabricated on SiO,/Si
substrates by using transferring elelctrode methods to investigate the
electrical properties of the as-grown MoS; crystals. At room temperature
and atmosphere pressure, the on-off ratio can reach 10° and the carrier
mobility can reach 4.53 cm?V-!'s!. The low-cost and/ high-quality
large-size material growth method pave a way for scalable'\production of
such 2D material based electronic devices.

Keywords: MoS;, Molten glass, CVD, Heterojunction
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